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Abstract (J Korean Assoc Oral Maxillofac Surg 2014;40:117-122) 

Objectives: The purpose of this study was to evaluate the sinus bone graft resorption over 3 years after two-stage implant placement. 
Materials and Methods: The subjects for this study included 30 patients whose maxillary posterior ridges were too atrophic for implants. Bone- 
added osteotome sinus floor elevation was used in 15 maxillary sinuses, while the bone graft by lateral approach technique was used in 25 maxillary 
sinuses. The height from the top of the fixture to the sinus floor was estimated immediately after implant placement and the follow-up period was over 
3 years. The surgery was classified with two groups: sinus bone grafting with and without autogenous bone. All implants were placed simultaneously. 
Results: The mean vertical bone loss was 3.15±2.95 mm. The survival rate of implants was 94.7%. 

Conclusion: The amount of bone resorption was not significantly associated with the surgical methods, the type of bone graft materials used, or sinus 
perforation during surgery. 
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I. Introduction 

The edentulous posterior maxilla is considered to be a 
difficult area for placement of implants due to the atrophic 
alveolar bone, poor bone quality, and sinus pneumatization. 
Recently, with the development implant surface treatment, 
diverse bone graft materials and procedures, such anatomical 
hindrances have been overcome, and sinus bone grafting has 
been accepted as a common predictable treatment procedure. 

Hatano et al. 1 performed the Schneiderian membrane eleva- 
tion by forming a lateral window, using bone graft materials 
mixed with Bio-Oss and autogenous bones at a ratio of 1 : 2, 
and placed implants. In their study, maxillary pneumatization 
occurred continuously for 2-3 years; thus, the grafted bone 
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was resorbed. After 5-6 years, bone resorption progressed to 
the previous height of the sinus floor prior to sinus augmenta- 
tion. 

On the other hand, Zijderveld et al. 2 reported a similar 
procedure using autogenous bones and tricalcium phosphate, 
performed delayed implant placement and evaluated the 
amount of long-term bone resorption. In their study, during 
the initial 1.5 years both groups showed significant vertical 
bone resorption; afterward, they showed very minute changes 
and stabilization of the bone. Therefore, prognosis after max- 
illary sinus bone graft procedure as assessed by long-term 
follow-up observation is still controversial, and a clear con- 
clusion has not yet been made. 

Furthermore, previous studies were conducted on cases 
where the lateral approach was performed. For cases with 
greater than 5-mm residual maxillary sinus bones, sinus 
membrane elevations using a crestal approach such as the 
bone-added osteotome sinus floor elevation (BAOSFE) have 
commonly been performed; nonetheless, studies comparing 
these procedures are very rare 3 . 

The aim of this study is to evaluate and compare the 
amount of resorption of sinus bone graft materials following 
approach technique and use of autogenous bones as well as 
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the effect of presurgical and postsurgical complications on 
bone resorption. 

II. Materials and Methods 

From December 2003 to October 2005, sinus augmenta- 
tion and immediate implant placement were performed si- 
multaneously by one oral and maxillofacial surgeon at Seoul 
National University Bundang Hospital. More than 3 years 
after surgery, the cases were retrospectively analyzed. A total 
of 30 patients were recruited as study subjects, 76 implants 
were placed after maxillary sinus bone grafting, and the aver- 
age follow-up time was 47.57±11.2 months. (Table 1) The 
sinus bone graft was classified as either a lateral or crestal 
approach. None of the patients had systemic diseases such as 
uncontrolled hypertension, diabetic mellitus, liver and kidney 
disease, or an autoimmune disease that may have exerted an 
effect on surgery; smoking and parafunctional habit status of 
the patients were not evaluated in our study. We got approval 
of Seoul National University Bundang Hospital Institutional 
Review Board (CDMDIRB- 1320- 104). 

1. Surgical procedure 

One oral and maxillofacial surgeon selected the surgical 
procedure considering both height and quality of the residual 
bone. Maxillary sinus bone grafts using lateral window tech- 
nique and delayed implant placement was done in cases with 
less than 6 mm of residual bone height. BAOSFE was done 
in cases with more than 6 mm of residual bone height. In 25 



maxillary sinuses, 51 implants were placed using the lateral 
approach, and in 15 maxillary sinuses, 25 implants were 
placed using the crestal approach. Local anesthesia, general 
anesthesia, or sedation were chosen according to the range 
of the surgery as well as the age and general condition of pa- 
tients. 

2. Lateral approach 

The mucoperiosteal flap was elevated by performing a 
crestal and bilateral vertical releasing incision. A rectangular 
or oval window was formed on the sinus anterior wall using a 
surgical round bur. The bony window was removed, and the 
sinus membrane was elevated. For cases that the sinus mem- 
brane was perforated during elevation, it was closed with 
the Surgicel (Johnson & Johnson, Gargrave, UK), Collatape 
(Zimmer Dental, Carlsbad, CA, USA), or resorbable collagen 
membranes according to its size. The sinus cavity was filled 
with bone graft materials, implants were placed, and the lat- 
eral window was covered with resorbable membranes. 

3. Crestal approach 

The crestal incision was performed, and the mucoperiosteal 
flap was minimally elevated. Sinus lifting was performed ac- 
cording to the method suggested by Summers 4 . Drilling was 
performed, the sinus floor was elevated with an osteotome, 
and implants were placed after bone graft. 

4. Bone graft materials 



Table 1 . Demographic description of subjects 



Variable 



Sex (n) 

Male 

Female 
Age (yr) 
Implants 

3-1 

Biohorizon 
Implantium 
USII 
SSII 
GSII 
XIVE 
AVANA 
Unknown 
Follow-up (mo) 



Data 



17 
13 

53.37±11.47 (29-70) 



15 

5 

19 

7 

4 

6 
10 

6 

4 

47.57±1 1.12 (19-64) 



Values are presented as number only or mean±standard deviation 
(range). 
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Bone materials were mixed and used, and they were divid- 
ed into two groups, containing autogenous bones and without 
autogenous bones. In the group containing autogenous bones 
(46 implants), the bone harvested from the maxillary tuber- 
osity or the mandible symphysis was mixed with allogeneic 
bones such as Regenaform (Exactech, Gainesville, FL, USA) 
or xenogeneic bones such as Bio-Oss (Geistlich Pharma AG, 
Wolhusen, Switzerland) and grafted. In the group without 
autogenous bones (30 implants), allogeneic bones such as 
Regenaform were mixed with xenogeneic bones such as Bio- 
Oss and grafted. 

5. Radiographic evaluation 

Panoramic radiographs were taken and the vertical height 
of maxillary bones was measured three times: (1) immediate- 
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ly after surgery, (2) after the initiation of prosthetic loading, 
and (3) during the final follow-up observation. 

The distance between the supreme height of grafted maxil- 
lary sinus and the middle of the implant fixture was calcu- 
lated. The amount of grafted bone resorption was defined as 
the difference in the bone height above the placed implant 
measured immediately after the bone graft and measured at 
the final follow-up observation. (Fig. 1) The gap of magnifi- 
cation ratio was reduced by calculating the real height of the 
placed implant and the measured height of the implant in the 
panoramic image.(Fig. 2) 

6. Complications 

Upon examination of medical records, complications such 
as intraoperative sinus perforation, postoperative wound 




Fig. 1. Sinus bone resorption at long-term follow-up. The amount 
of resorption is defined as subraction of the final graft height (FGH) 
from the initial graft height (IGH). A. Right after sinus bone graft. B. 
At final follow-up. 
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Fig. 2. Marginal bone loss (MBL) measurement. A. Right after si- 
nus bone graft. B. At final follow-up. 
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dehiscence, infection, and osseointegration failure were ob- 
served. 

7. Statistics 

The mean and standard deviation of the maxillary bone ver- 
tical height prior to surgery, immediately after surgery, and at 
final follow-up observation times were evaluated. Change in 
the bones grafted within the maxillary sinus caused by com- 
plications was also evaluated. 

Differences in the resorption height of the grafted bone 
within the maxillary sinus according to bone graft procedure, 
and according to bone graft material, were both analyzed us- 
ing independent sample t- tests; significance was evaluated 
atP<0.05. For statistical analyses, the PASW Statistics 17.0 
(IBM Co., Armonk, NY, USA) software was used. 

III. Results 

All implants were evaluated over 3 years and functional 
loading time was more than 24 months. The vertical height 
of the maxillary bone measured prior to surgery, immedi- 
ately after surgery, and at the final follow-up observation 
was 6.47±2.82 mm, 18.37±4.82 mm and 15.22±5.10 mm, 
respectively. The resorption height of the maxillary bone at 
the final follow-up observation was 3.15±2.95 mm, and a sig- 
nificant difference was observed. When comparing surgical 
procedures, the resorption height using the crestal approach 
and lateral approach were 2.31 ±2. 46 mm and 3.56±3.10 mm, 
respectively, but a significant difference between the two pro- 
cedures was not detected (P=0.082). In regards to the bone 
graft materials, materials containing autogenous bones and 
materials without autogenous bones had resorption height of 
3.42±2.99 mm and 2.73±2.88 mm, respectively, and a sig- 
nificant difference was not observed (P=0.321). (Table 2) Per- 

Table 2. Bone loss in the maxillary sinus according to procedures 
and materials used 

Mean±SD (mm) P-value 

Procedure 

BAOSFE 2.31±2.46 Q ^ 2 

Lateral approach technique 3.56±3.10 
Materials 

With autogenous bone 3.42±2.99 
Without autogenous bone 2.73±2.88 

(SD: standard deviation, BAOSFE: bone-added osteotome sinus floor 
elevation) 
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f oration of the maxillary sinus mucosa occurred in 12 cases, 
and the resorption height of the grafted bone was 3.73±2.65 
mm, which was higher than the mean resorption height of the 
entire bones; nonetheless, a statistically significant difference 
was not shown. In addition, wound dehiscence and infection 
each developed in 2 cases, and the resorption heights of graft- 
ed bone were 4.40±5.09 mm and 2.40±2.53 mm respectively. 
(Table 3) 

Among implants placed simultaneously with maxillary si- 
nus bone grafts, removal of the implant due to the failure of 
osseointegration occurred in 4 implants, and the survival rate 
of implants was 94.7%. The mean age was 57.5+13.17 years, 
and these cases were associated with chronic inflammation 
in the maxillary sinus, postsurgical infection, destruction of 
the upper prosthesis speculated due to overloading, etc. The 
mean follow-up period to the failure of osseointegration or 
defect in the upper prosthesis was 7.50±2.65 months. All 
failed implants were removed and replaced. In the patients 
with failed implants, the resorption height of graft bone at the 
final follow-up time was 5.48±5.89 mm. (Tables 3, 4) 

IV. Discussion 

It is well known than even in atrophic maxillary bones, the 
pneumatized maxillary sinus is a contained defect that shows 
good results after bone grafting 5 ' 6 . However, according to the 
study by Hatano et al. 1 , within the initial 2-3 years, the re- 
sorption of grafted bone progresses due to the re-pneumatiza- 
tion of the maxillary sinus, and although the resorption rate of 



Table 3. Bone loss according to intraoperative and postoperative 
complications 



Type of complication 


Number 


Mean±SD (mm) 


Perforation of membrane 


12 


3.73±2.65 


Wound dehiscence 


2 


4.40±5.09 


Infection 


2 


2.40±2.53 


Osseointegration failure 


4 1 


5.48±5.89 



(SD: standard deviation) 
Survival rate: 94.7%. 
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Table 4. Failure in osseointegration after sinus bone graft 



grafted bone decreases gradually, it regresses to the vertical 
position of the initial maxillary bone. However, Block et al. 7 
reported that 73 implants were placed simultaneously with 
maxillary sinus bone graft, and 3 of them failed in the initial 
osseointegration. Nonetheless, at the final follow-up observa- 
tion which was performed after 5-10 years, in approximately 
90% of the 70 implants the grafted bone was well maintained 
in the area above the implants. 

The representative xenogeneic bone, Bio-Oss, which is 
decalcified bovine bone, has been used as a maxillary sinus 
bone graft material for a long time 8 ' 9 . It is believed that it 
delays the initial resorption of the bone that is grafted within 
the maxillary sinus, it is well maintained for a long time and 
is healed by the mechanism of osteoconduction 10 ' 11 . Nonethe- 
less, it has been pointed out that such bone graft materials 
which delay the resorption are inadequate for bone remod- 
eling and functional loading of implants 12 ' 13 . On the other 
hand, in maxillary sinus bone grafts, autogenous bones are 
inadequate for the long-term formation of bones due to rapid 
revascularization and resorption, injury of the donor area, 
and limitations in the harvest volume; however, some stud- 
ies have shown that due to the osteogenesis capacity of cells 
within autogenous bones, with time they could provide os- 
seointegration capacity to the implant surfaces 1 ' 14 ' 15 . In our 
study, an average resorption of 3.42 mm was shown when a 
mixture of autogenous bones and other bone graft materials 
were used, and an average resorption of 2.73 mm was shown 
when allogeneic bones and xenogeneic bones were used 
without the addition of autogenous bones. 

Chanavaz 16 reported that pneumatization of the maxillary 
sinus is induced by the formation of positive pressure within 
the maxillary sinus due to respiration. Hurzeler et al. 17 re- 
ported that such positive pressure accelerates the resorption 
of grafted bones after maxillary sinus bone grafting. Different 
from the physiological atrophy process, the functional load- 
ing placed on implants may accelerate osteogenesis in the vi- 
cinity of implant, and in the initial period this may contribute 
to the stable maintenance of grafted bones after the resorption 
of grafted bone within the maxillary sinus 18 " 20 . 

Wound dehiscence, acute and chronic sinusitis, and im- 



Age 

(yr) 


Sex 


Site 


Follow-up 
period (mo) 


Etiologic factors 


Solutions 


45 


Female 


#16 


5 


Chronic inflammation, marrow fibrosis 


Replantation with larger diameter; additional bone graft 


53 


Female 


#26 


8 


Loss of attached gingival, poor oral hygiene 


Replantation with different surface character 


56 


Male 


#26 


6 


Postoperative infection 


Replantation with larger diameter and different surface character 


76 


Male 


#26 


11 


Excessive overloading 


Replantation with larger diameter and different surface character 
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proper loading have been mentioned as contributing factors 
for failure of sinus bone grafts and implants. Bravetti et al. 21 
reported that during the physiological adaptation process af- 
ter maxillary sinus bone grafting, chronic maxillary sinusitis 
can develop in the maxillary sinus mucosa. Wound dehis- 
cence after implant placement may induce infection, delay 
wound healing, and induce the resorption of graft materials. 
In submerged implants, Mills 22 observed a trend of increased 
resorption of the alveolar bone caused by the early develop- 
ment of wound dehiscence. Acute maxillary sinusitis that de- 
velops early after sinus augmentation induces erythematous 
swelling, pain, prulence, and fistula. Ultimately, it may act 
as the causative factor for the loss of grafted bone and bone 
resorption. The risk of infection is increased in cases with ex- 
isting maxillary sinusitis or after maxillary sinus augmenta- 
tion using a bone graft. Additionally, cytokines released from 
bacteria such as tumor necrosis factor-a and interleukins 
may induce rapid bone destruction through bone resorption 23 . 
Bone tissues around implant undergo continuous functional 
adaptive processes. Repeated loading may increase the level 
of tissue fatigue and induce microfissure of bone tissues; 
nonetheless, bone tissues spontaneously recover through 
bone remodeling processes, and homeostasis is maintained 24 . 

In our study, osseointegration failed in 4 cases, and the 
destruction of the upper prosthesis was observed, suggest- 
ing chronic maxillary sinusitis as well as overloading. In 
one case, after the removal of an implant which had failed 
to osseointegrate, biopsy results showed bone marrow fibro- 
sis, and we can speculate that the maxillary sinus bone graft 
materials did not mature. The large deviation of the resorp- 
tion volume of grafted bone after wound dehiscence and the 
failure of osseointegration is thought to be due to the insuf- 
ficient number of samples. Intrasurgical perforation of the 
maxillary sinus mucosa was associated with bone loss. In the 
cases with failure of osseointegration, it is speculated that the 
height of the residual alveolar bone prior to surgery was less 
than 2 mm; thus; excess bone grafting of more than 20 mm 
was performed, which induced a large deviation. 

When such specific matters were excluded in the long-term 
observation, a great difference in the bone resorption rate be- 
tween those cases with complications and those without was 
not observed. However, the cause of the failure to osseointe- 
grate might be diverse, including chronic maxillary sinusitis, 
postsurgical infection, insufficient keratinized gingiva, poor 
oral hygiene, overloading, etc., and to resolve them, failing 
implants were switched to implants with a larger diameter 
that were treated with a sandblasting large-grit acid-etching 



technique and re-placed. If required, additional bone grafting 
was performed. 

The limitations of our study include that it was a retrospec- 
tive study that was performed using diverse bone graft mate- 
rials and implant systems. Additionally, and in comparison 
with previous studies, the follow-up observation was short, 
and the number of cases was not sufficient. 

In the future, prospective studies are needed to further 
elucidate these mechanisms. In particular, selective studies 
on factors that may mediate direct effects on wound healing 
as well as factors contributing to bone resorption, such as 
smoking, are required. In addition, the grafted bone within 
the maxillary sinus was measured in 2 dimensions; thus, 
the resorption amount and prognosis was evaluated under 
conditions that could not accurately reflect the amount of 
integrated bones in the vicinity of the implant, which could 
be a technical limitation. Therefore, supplemental studies are 
required in the future to further understand this system. 

V. Conclusion 

An evaluation of cases at an average of 47.6 months after 
maxillary sinus bone graft and implant placement showed 
that the average resorption volume of maxillary bone graft 
materials was 3.15±2.95 mm. Significant differences ac- 
cording to the bone graft procedure or materials were not 
observed. Complications that occurred during maxillary sinus 
bone graft such as perforation did not mediate the decisive 
effects on the resorption of grafted bones or the prognosis. 
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